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AVR450 Battery Charger 


Multi-standard battery charging 


By A. Riedenauer 


Atmel’s AVR450 reference board described in this article has just about 
everything you would expect from a high-end multi-standard battery 
charger. With suitable programming of the microcontroller, one and the 
same board and hardware allow you to implement a wide range of 
charger systems. Another unique feature of the circuit is its compatibility 
with Li-ion, NiMH, NiCd as well as lead-acid batteries. 


Features 


— Comprehensive charging system 
— Modular C source code and extremely 
compact assembly code 


— Inexpensive 

— Support for all current battery technolo- 
gies 

— Fast charging algorithm 

— 10-bit A-DC for high measurement accu- 
racy 


— Optional serial interface 

— Simple adaptation to different charging 
parameters 

— EEPROM for storage of battery character- 
istics 


The AVR450 board introduced by Atmel con- 
tains two independent charger circuits, one 
built around the AT90S4433 and the other, 
around the much cheaper 8-pin ATtiny15. 
However, other AVR microcontrollers may be 
used, to, provided they have an A-D con- 
verter, a PWM output and enough program 
memory to hold the desired charging algo- 
rithms. 

Ongoing research and development in bat- 
tery technology constantly requires improved 
algorithms to enable batteries to be charged 
quickly and safely. While guarding the charg- 
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ing process, a higher accuracy is 
needed in order to reduce charging 
time while always exploiting the 
maximum cell capacity without 
causing damage to the cells. 
Atmel’s AVR microcontrollers are 
efficient 8-bit RISC machines offering 
Flash, EEPROM and a 10-bit A-D 
converter, all on one chip. The EEP- 
ROM memory is perfect for storage 
of calibration data and battery 
charge/discharge characteristics. 
Besides, the EEPROM allows the 
charge history of the cells to be per- 
manently stored, hence their capacity 
to be fully exploited. The 10-bit A/D 
converter ensures excellent resolu- 
tion during the measurements, 
enabling the charge response to be 
matched exactly to the cells while 
obviating the need for an external 
opamp acting as a voltage compara- 
tor. Another great thing about these 
8-bit microcontrollers is that they 
have been designed for compatibil- 
ity with higher programming lan- 
guages such as industry standard 
‘C’. Not surprisingly, the software for 
the complete AT90S4433 is supplied 
in the form of ‘C’ code. The reference 
design for the ATtiny15 was written 


in assembly language to make sure 
the highest possible code density 
could be achieved. 

Both charger circuits are, of 
course, rather different when looking 
at their specifications. For example, 
the AT90S4433 may be used for volt- 
age and temperature monitoring 
using a UART PC interface for the 
data logging function. The ATtiny15 
design, on the other hand, has an 
advantage in being one of the heav- 
iest integrated and at the same time 
cheapest battery charger circuits on 
the market today. The main differ- 
ences between the two reference cir- 
cuits are listed in Table 1. 


Different battery types 


Most portable equipment for the 
consumer market employs one of 
four battery technologies: Lithium- 
ion (Li-ion), Nickel Metal Hydride 
(NiMH), Nickel-Cadmium (NiCd) or 
sealed lead-acid (Pb). 

Although these four battery types 
have widely different charging algo- 
rithms, for safe and complete charg- 
ing of a cell, without the risk of over- 
charging or damage, it is a require- 
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Table |. Differences between the charger circuits. 











AT90S4433 ATtiny!5 
Programming language C Assembly 
Code size approx. |.5 kBytes < 350 bytes 





Current measurement 


external opamp 


internal difference amp 





PWM frequency 


14 kHz, 8-bit resolution 


100 kHz, 8-bit resolution 





external 7.3 MHz 


internal 1.6 MHz 




















Clock : 
quartz crystal oscillator 
Serial interface yes no 
In-system programming yes yes 
ment for modern fast chargers Charging methods 


(charge tome less than 3 hours) to 
feature at least accurate measure- 
ment of the cell voltage, cell current 
and cell temperature. 

The four battery technologies are 
briefly discussed below. 

Pb cells are charged with a con- 
stant voltage, with a current limiter 
‘in the wings’ to protect against over- 
heating during the first phase of the 
charge cycle. In principle, Pb batteries 
may be left on charge indefinitely 
provided the cell voltage does not 
rise above the value specified by the 
manufacturer (usually 2.20 V). 

NiCd cells are charged with a 
constant current. When discharging 
a battery pack it may happen that 
one of the series connected cells in 
the cluster is reverse polarized. To 
prevent damage, the cell voltage 
needs to be watched accurately and 
the load on the battery discon- 
nected when the cell voltage drops 
below 1.0 V. 

NiMH cells appear to be the most 
frequently used these days, possibly 
because of the higher energy density 
as compared with their predecessors 
the NiCd cells. Just like NiCd cells, 
NiMH cells are charged with a con- 
stant current. They are, however, 
sensitive to overcharging and that is 
why the cell voltage needs to be 
monitored closely during the entire 
charging process. NiMH cells, too, 
can be damaged by accidental 
reverse polarisation. 

Li-ion cells have the higher 
energy density and resemble Pb 
cells in that they are charged with a 
constant voltage. Charging is halted 
the instant the charging current 
drops below a certain value. Li-ion 
cells are sensitive to overcharging 
and may even explode under 
adverse conditions. 
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Without exception, the charging cur- 
rent is dependent on the capacity (C) 
of the battery in question. The value 
of C is stated by the battery manu- 
facturer. If a battery is charged with 
a current equal to 1C (i.e., one time 
the nominal capacity in mAh) then it 
will be fully charged in one hour. 
Trickle charging is often done at a 
(safe) current if C/40, that is, the bat- 
tery capacity divided by 40. 

We have to take into account 
that once the battery is fully 
charged, all further charging current 
is turned into heat (thermal energy). 
With a fast charger, rapid heating of 
the battery may cause irreversible 
damage if the charging current is 
not interrupted in time. Hence tem- 
perature monitoring is crucial to 
battery life. 

Depending on the type of cell and 
its application, there are several 
methods of determining when a cell 
is fully charged, or the charging cur- 
rent has to be cut for any reason 
whatsoever. In the case of the 
AVR450 the first criterion used is the 
familiar voltage drop that occurs at 
the end of the charging cycle 
(-dV/dt), while battery temperature 
and absolute cell voltage are treated 
as secondary criteria. None the less, 
the hardware supports all four meth- 
ods discussed below. 


T (time) 

One of the simplest methods to stop 
the charging process in time. With 
fast chargers, a timer is often used 
as an extra safety measure. With 
normal chargers (14 to 16 hours 
charging time), this is the most com- 
monly used method. Applicable to 
all battery types. 


V (voltage) 

Charging is ended when the cell voltage rises 
above a certain value. This is often applied 
when charging with a constant current. In the 
case of Pb cells, the maximum value is defined 
as just above the charging voltage, resulting 
in constant charging. With Li-ion cells, this 
method is used to interrupt fast charging at a 
certain instant and then continue with a safe 
(much smaller) current to ‘top up’ the cells to 
100% capacity. Also suitable as an extra safety 
precaution with NiCd and NiMH cells. 


-dV/dt (voltage droop) 

Use is made of the slight decrease in cell volt- 
age that occurs when the cell is fully charged. 
This method is applied in combination with a 
constant charging current in the case of NiCd 
and NiMH batteries and cells, although the 
latter should see their charge current discon- 
nected when the voltage is no longer ‘on the 
rise’ (see dV/dt = 0). 


I (current) 

When charging with a constant voltage, the 
process is often stopped if the charging cur- 
rent drops below certain value. With Li-ion 
cells, the second charging phase after fast 
charging is ended in this way. 


T (temperature) 

Switching off the charging current above a 
certain critical (absolute) cell voltage is usually 
applied as a protection and not, as you might 
expect, as a primary criterion. 


dT/dt (temperature rise) 

With fast chargers the rise in cell temperature 
as a function of time may serve as a switch- 
off condition. The temperature rise will differ 
from battery to battery, but in general will be 
around 1 degree Celsius per minute for NiCd 
batteries. Suitable for use with NiCd and 
NiMH cells and batteries. 


aT 

(temperature above ambient temperature) 
This is generally more reliable than the 
absolute temperature measurement, particu- 
larly in relatively cold environments. Usually, 
ambient temperature is measured by the 
same sensor as the one used for the cell tem- 
perature, and the measurement is performed 
at the start of the charging cycle. Applicable 
with NiCd and Pb cells and batteries as a pri- 
mary criterion or a safety precaution. 


dV/dt (delta zero voltage) 

Much like the -dV/dt method, with the only 
difference that the charger is switched off 
when the cell voltage is no longer rising. Suit- 
able for NiCd and particularly for NiMH cells. 
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Hardware 


As already said, the reference board contains 
two complete battery chargers. Functionally, 
the printed circuit board may be divided in 
three main sections as illustrated in Figure 1. 

The large section at the left comprises a 
number of discrete components like LEDs, 
switches, a power supply, a reference voltage 
source and the PC interface. The power sup- 
ply is a run of the mill 5-volt regulator built 
around an LM7805. The voltage source con- 
sists of another old faithful, the TL431 plus a 
couple of resistors. The PC interface is con- 
nected to the UART interface on the 
AT9054433 and may be used to log battery 
data during the charging cycle. These data 
may fill a spreadsheet that allows you to 
examine the charge characteristic on a PC 
display. By the way, the AT90S4433 may dou- 
ble as a datalogger when the ATtiny15 
charger is being used. 

The sections at the right in Figure 1 reflect 
the two processors whose PWM outputs are 
connected to a Buck converter, creating (in 
both cases) the actual charging circuits. The 
ATtiny15 sports an internal current amplifier 
capable of raising the voltage difference that 
exists between the two A/D channels. The 
AT9054433 has an extra opamp for the same 
purpose. Moreover, the charger circuit is 
designed such that all battery types can be 
handled, while it may be adapted to suit all 
charging algorithms thrown at it. 


Buck converter 


The Buck converters used in the two 
charger circuits are largely similar in design, 
















SWITCH ON INDUCTOR 
Vin Vout 
r CAPACITOR 
GND GND 
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Figure 2. The main ingredients of a Buck 
converter are a switch, an inductor and a 
capacitor. 
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Figure |. The three functional blocks that make up the AVR450. 


comprising a p-channel MOSFET as 
the switching element driven by an 
n-p-n bipolar transistor which, in 
turn, is controlled by a micro- 
processor port line. The switching 
transistor is connected to an induc- 
tor, a diode and a capacitor (see 
Figure 2). A further diode prevents 
current flowing back into the bat- 
tery when the supply voltage is 
switched off. 


When the switching transistor is 
driven into conduction, current will 
flow as sketched in Figure 2a. The 
capacitor is charged by the input 
voltage by way of the inductor. 
When the switch is opened (Fig- 
ure 2b) the inductor will attempt to 
maintain the current flow by induc- 
ing a voltage. By way of the diode 
and the inductor, the resulting cur- 
rent charges the capacitor to a 
higher voltage. The higher the duty 
cycle of the switching signal, the 
higher the output voltage. The max- 
imum output voltage equals Vin + 
0.6 V. The converter efficiency peaks 
at a duty cycle of 50%. 


TheAT90S84433 charger 


The complete circuit diagram of the 
AT9054433 charger may be seen in 
Figure 3. At the left you find the 
processor, at the right, the Buck 
converter. The serial interface is the 
sub-circuit in the lower part of the 
drawing. 

The charger voltage is monitored 
by opamp U1B, whose inputs have 
been connected in parallel with the 
battery to be charged. Before the 
measurement for the opamp can be 
selected, the system will first have 
to determine the number of cells in 
the battery, as well as the battery 
type. Next, a suitable input voltage 
may be selected and resistors 
dimensioned to suit. 

Resistor R1 acts as a sensor for 
the amount of charging current. The 
voltage drop across this resistor is 
amplified by opamp U1A in order to 
improve the measurement accuracy 
before the voltage is fed to the micro- 
controller's A/D converter. 

The calculations required for the 
voltage and current measurement 
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Figure 3. Circuit diagram of the AT90S4433 charger circuit employing a |4-kHz Buck converter. 


Table 2. ‘C’ source code files 
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Name Description Size 
104333.h Header containing symbolic names (for AT90S4333) 
cstartup.s90 | Start-up files for C compiler 
LnkOt.xcl Command file for linker, specially for AT90S4433 
B defh Defines cell type, cell voltage, cell capacity 
= and voltage steps 
Bc.h Header for bc.h, constants and macro definitions 
Bc.c Main program, identical for all cell types 474 bytes 
Header for lead-acid cells, charger parameters and 
SLA.h ; a 
function descriptions 
SLA.c Source code for lead-acid cells 446 bytes 
. Header for NiCd cells, charger parameters and 
NiCd.h : as 
function descriptions 
NiCd.c Source code for NiCd cells 548 bytes 
: Header for NiMH cells, charger parameters and 
NiMh.h ; ke 
function descriptions 
NiMh.c Source code for NiMH cells 514 bytes 
A Header for Li-ion cells, charger parameters and 
Liion.h : Pe 
function descriptions 
Liion.c Source code for Li-ion cells 690 bytes 





are discussed at length in the AVR450 
datasheet published by Atmel. 


The ATtiny15 charger 


The hardware for this charger circuit being 
the spitting image of the one for the 
AT90S4433, we decided not to print it in this 
article. The oscillator frequency, 25.6 MHz, is 
generated by an on-chip PLL clocked by a 
1.6-MHz signal supplied by an internal RC 
oscillator. A noticeable difference with the 
other charger circuit is the absence of the 
opamps in the Buck circuit — they have been 
replaced by two resistor ladder networks, one 
across the battery and the other across the 
shunt resistor. The necessary resistors are not 
part of the AVR450 board, but may be dimen- 
sioned to your requirements, depending on 
the battery voltage and the desired charging 
circuit. 

The voltage difference measured across 
the battery or cell also supplies the necessary 
information on the charging voltage, and the 
resulting voltage is raised by the microcon- 
troller’s on-chip 20x amplifier. For the charge 
current information, the same happens to the 
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Table 3. Assembly code files 
































Name Description Size 
bc.inc Include file for register definitions, A/D channel definitions 

and global constants 
tn|5def.inc Include file for ATtiny 15 
NiCd.inc Include file for NiCd-cells, charger parameters 
NiCd.asm Source code for NiCd cells 324 bytes 
NiMh.inc Include file for NiMH cells, charger parameters 
NiMh.asm Source code for NiMH cells 328 bytes 
Liion.inc Include file for Li-ion cells, charger parameters 
Liion.asm Source code for Li-ion cells 340 bytes 








voltage drop developed across the shunt 
resistor connected in series with the battery. 


Software 


Not surprisingly, everything to do with the 
charging protocols is handled in software. In 
this respect, nearly all options you can think of 
are possible. Table 2 provides a list of the rel- 
evant ‘C’ source code files and Table 3, of the 
assembly code files. 

The software may be adapted to support 
the charging of one or more cells. This is eas- 
iest done by charging cells alternately. Lead- 
acid and Li-ion batteries may be connected 
in parallel during charging, provided the 
packs consist of an equal number of cells! 
Both the charging current and the charge 
voltage per cell are limited for each battery. 

The header ‘Battery Characteristics’ 
(b_char.h) contains definitions of all values 
together with the associated scaling factors. 
These values are defined in the Include files, 
calculated during compilation and subse- 
quently used as constants when the program 
is executed. All measurement values supplied 
by the A/D converter may be instantly com- 
pared with these constants, hence no time is 
wasted on recalculating values while the pro- 
gram is being executed. Arguably, this 


AT90S$4433 Discontinued 


Just before this issue was printed, we 
learned that Atmel have discontinued their 
AT90S4433 micro. The pin-compatible fol- 
low-up type is called ATMEGA 8. The 
Application Note describing the change from 
the AT90S4433 to the ATMEGA 8 is enti- 
tled AVR 081’ and may be found at 
http://www.atmel.com/dyn/resources, 


prod_documents/doc2515.pdf 


44 


approach saves time and memory 
capacity. 

With NiCd batteries, the charg- 
ing current is started only when the 
battery temperature is within the 
range designated ‘safe’ by the man- 
ufacturer. Charging is ended if an 
error report indicates that either 
the temperature exceeds the maxi- 
mum value, the maximum cell volt- 
age is exceeded, or the maximum 
time allowed for fast charging is 
reached. 


The standard way of establishing 
whether or not a battery is fully 
charged is to employ the above men- 
tioned dT/dt or dV/dt methods. This 
is achieved by taking a temperature 
sample every minute, and a voltage 
sample every second. The values of 
these samples are constantly com- 
pared with those of previous sam- 
ples. When the battery is fully 
charged, the charging mode auto- 
matically changes to trickle charg- 
ing, all under control of software (i.e., 
the microcontroller program). Fig- 
ure 4 shows a simplified flow dia- 
gram of a regular charging function. 

In trickle charge mode, the pro- 
gram executes a loop structure, 
checking changes in the charging 
status and temperature while also 
keeping a close eye on the mea- 
sured charge voltage and current. In 
case the maximum temperature or 
battery voltage is exceeded, an error 
flag is set and the relevant function 
is terminated. With no errors pro- 
duced by the system, or the charg- 
ing status changed by the user, 
trickle charging will continue indef- 
initely (in principle). 


There is far more to say about the 
Atmel AVR450 battery charger sys- 
tem than can be fitted within the 
pages reserved for this Application 
Note. Readers interested in all the ins 
and outs are referred to the extensive 
Application Note no. 1659B-AVR- 
11/02 that may be downloaded free of 
charge from the Atmel website. In the 
not too distant future we hope to pub- 
lish a practical battery charger based 
on the AVR450 This may take a while, 
however, so don’t hold your breath. 
(030425-1) 
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Figure 4. Flow diagram of the 


charger’s main function. 
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